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Abstract  
The quality of teacher training is crucial as it influences the academic performance of students. 
The last decades have witnessed a steep increase in the use of information applications for 
improving the training of teachers. In this line of work, the current approach proposes to use 
agent-based simulation for supporting the training of teachers. The current work focuses on the 
capability of teachers in designing appropriate teaching strategies with the corresponding 
schedules of learning activities. In particular, the current approach uses FTS-SOCI (an agent-
based Framework for simulating Teaching Strategies with evolutions of Sociograms) for 
simulating the social repercussions of certain teaching strategies. Teachers can pursue obtaining 
groups with high cohesion, which is normally related with a high academic performance. This 
article illustrates the current approach with the training of a computer science teacher for the 
programming subject. 
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Several studies show that the quality of teachers' training influences their productivity in 
promoting student achievement [1, 2]. The last decades have witnessed an increasing demand of 
reducing the costs of training teachers through information and communication technologies 
(ICT) [3]. Most of the current works use general-purpose tools in the training of teachers. 
Examples of these tools vary from the ones for sharing documents [4] to social media 
applications [5]. 
One of the keys for achieving a proper training of teachers is to acquire practice with real 
students or at least with simulated situations that are similar to the real ones. Before becoming 
autonomous teachers, candidates can practice by participating in learning activities of some 
ongoing courses. However, it is less common that teachers' candidates can design a teaching 
strategy with a schedule of learning activities and put it into real practice. In this particular task of 
designing teaching strategies, we propose agent-based simulation as a possible tool support for 
letting teacher candidates get this practice. 
Teaching strategies can include both individual and collaborative learning activities. Among 
others, the latter ones can be discussions in class, teamwork in pairs or larger groups, or role-play 
activities. These collaborative activities can help students in knowing each other and establishing 
new social relations. It is well known that the cohesion of a group in terms of social relations can 
positively influence in the performance of their teamwork [6]. Thus, teachers could promote 
social relations to have group of students with a high cohesion, which will probably imply a high 
academic performance. 
In this context, the current approach proposes that teachers are trained by designing different 
teaching strategies and simulating their repercussion in the social relations of the group. For this 
purpose, Agent-Based Simulators (ABSs) have shown to be especially useful for simulating 
social repercussions [7]. In particular, the current work proposes to use FTS-SOCI (an agent-
based Framework for simulating Teaching Strategies with evolutions of Sociograms) [8] and the 
associated technique for designing teaching strategies [9]. In this way, teachers can learn to 
design teaching strategies that will probably promote the class cohesion obtaining a high 








2.1 Training teachers with new technologies 
The teaching training has been supported with different technologies. Some technologies 
have been specifically designed for training teachers, while other studies just use general-purpose 
tools for it. 
In the group of works about the former kind of technologies, Ke and Xu [10] present a 
mixed-reality integrated learning environment where university teaching assistants can practice. 
Their system uses a Kinect interface, where teachers and students were represented with virtual 
avatars. They concluded that their system improved the sense of presence and supported the 
performance of a wide range of virtual teaching tasks and actions. Moreover, Jiménez and 
O'Shanahan [11] use a web-based tutorial program for reading instruction, called ``Letra'', for 
training teachers. In the web-based tutorial, teachers can learn how children can reach a good 
level of phonological awareness. Teachers can access to the digital tutorials from a row of books 
in a virtual library environment. Brubacher et al. [12] provided online training for teachers in 
which they learned how to effectively question children in suspicious circumstances to detect 
child abuse. They practiced simulated interviews with a virtual avatar. 
In the case of applying general-purpose tools for teachers' training, Hassan et al. [4] present a 
training program of teachers that follows a specific way of using certain open source 
technologies. Among other tools, they used the Google Form, Google Calendar and Google 
Drive. They show the benefits of using these tools in the training of teacher, who then were able 
to use these tools with their students. In this line of research, Igual et al. [13] discuss some free 
software simulation tools that teachers use for preparing the learning activities in engineering 
higher education. Furthermore, Salminen et al. [5] described the training of nurse teacher 
candidates with social media applications. 
In this context, the current approach belongs to the group of works in which an application is 
specifically designed for training teachers. More concretely, the current approach is focused on 
providing a simulation environment in which the teachers can practice different schedules of 
learning activities. The used application is an ABS, and the bases of this kind of systems are 
presented in the next section 
2.2 Agent-based simulators: foundations and practical applications 
A proper introduction of ABSs needs a brief discussion of their precursors, the multi-agent 
systems (MASs). The paradigm of MASs probably emerged from the need of distributing the 
techniques of artificial intelligence [14]. These systems were composed of autonomous entities, 
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which were called agents. From the beginning of this paradigm, the definitions of agents were 
extensively discussed with different definitions. Franklin and Graesser [15] collected the most 
relevant definitions. For instance, the MuBot definition focused on the autonomy and the ability 
of reasoning. By contrast, the AIMA definition indicated the agent was an entity that was able to 
perceive the environment and to act on it. Other definitions, such as the KidSim definition 
introduced the concept of goals of agents (also referred as agendas). This last kind of agents was 
aligned with the well known Belief-Desire-Intention (BDI) architectures [16]. 
The most relevant features of agents were not only their individual features, but also their 
social activities when they interact among each other [17]. For instance, Fitoussi and Moshe [18] 
discussed the way of choosing social laws for reaching coordination. 
In this context, from a software engineering point of view, the last decades have witnessed 
the proposal of a large variety of agent-oriented software engineering processes and 
methodologies. In particular, Cernuzzi et al. [19] discuss different process models that can be 
followed for developing MASs. Due to the variety of agent-development processes, a tool was 
developed for specifically defining agent-oriented development processes using a subset of the 
Software & Systems Process Engineering Metamodel (SPEM) [20]. Regarding the agent-oriented 
methodologies, the Gaia methodology [21] introduced a well-sound theoretical basis that many of 
the later works about MASs considered. From a practical point of view, the Ingenias and 
Prometheus methodologies provided alternative ways of developing agents following a model-
driven approach, with respectively the Ingenias Development Kit [22] and the Prometheus 
Design Tool [23]. Practitioners can define a MAS model with some graphical interface, and a 
considerable part of the programming code is automatically generated from it, by means of 
templates and/or model transformations [24]. In the former methodology, the Ingenias Agent 
Framework was extended to support simulations [25], so the Ingenias language included many 
aspects that were necessary for fully defining ABSs.  
In this context, some MASs were developed for simulating groups of entities with social 
interactions, and the number of this kind of systems increased until a subfield of MASs appeared 
with the name of agent-based social simulation [26]. In this subfield, ABSs started to have some 
specific needs. For instance, they needed to run large number of agents or analyze large amounts 
of data, like for example when simulating the political elections with the citizens of a city [27], 
the discussions of experts with the knowledge based on large sets of Wikipedia documents [28], 
or all the tourists that come to a city in a year [29]. However, these systems do not normally need 
some features of some non-simulation MASs such as the possibility of physical distribution of 
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agents (i.e. each agent in a different device or server). In this context, we proposed a Process for 
developing Efficient Agent-Based Simulators (PEABS) [30]. This process is based on the 
common needs of ABSs. It uses the expressivity of the Ingenias language with its modeling tool, 
and at the same time it provides a framework for developing simulations with large amounts of 
agents in a reasonable response time. There are other processes for developing efficient MASs 
like the one of Di Stefano and Santoro [31], but this process does not use a graphical modeling 
language specific for ABSs, which is useful in the early design of these systems. Therefore, FTS-
SOCI was developed with PEABS, and the next section presents its practical application. 
3. Training teachers with FTS-SOCI 
In the current approach for training teachers, firstly they must be aware that the cohesion of a 
group is normally related with its performance. Thus, teachers should know that if most students 
get on well with each other, they will probably be able to learn and work with enthusiasm and 
without worries about negative social relations. 
Secondly, teachers need to get used to the user interface of FTS-SOCI [8]. In the main 
interface, teachers or candidate teachers select the number of students of each type. The available 
types of students are quiet students (also known as passive), participant students (also known as 
active), tangent students (i.e. they derive discussions to tangent topics that are irrelevant for the 
subject), joker students (they make jokes cheering the class) and occasional participant students 
(with an intermediate activity level). In the training phase, normally teachers do not have a real 
group of students yet, so they should simulate common distribution of student types. For 
example, in a group of 20 students, the current approach suggests a common distribution of five 
quiet students, four participant students, one tangent student, one joker student, two obstructive 
students and seven occasional participants. However, there can be other common distributions 
regarding their institutions, the subjects, the academic level, and so on. Thus, teachers can use 
other distributions if for example they know the common proportions of students in their 
universities and subjects. 
In addition, the number of iterations must be set to the number of class hours. If they are 
training for a specific subject, they should enter the number of class hours of the subject. 
Otherwise, teachers are recommended to select 60, which is a common number of hours for a 
subject. 
Regarding the simulation speed, in a first phase of training they are recommended to select 
between 0.5 to 2 iterations per second. In this manner, teachers can slowly observe the evolution 
of the sociometric status of the class represented with a sociogram. They can understand the 
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particular influences of certain learning activities in different parts of the subject schedule. In the 
initial phase of training, teachers are recommended to run only one or very few simulations at 
each execution. 
In the selection of the teaching strategy in the interface, teachers should first try to simulate 
one of the default teaching strategies. Then, teachers are recommended to design their own 
teaching strategies. They should choose the number of learning activities and their types (i.e. 
teamwork in pairs or larger groups, discussions and role play activities). In the case of teamwork, 
they should also select the number of members for each group. They need to think about the 
content of these activities so that the teaching strategy is feasible and aligned with the goals of the 
particular subject. After designing a teaching strategy, the teacher defines this strategy by means 
of the framework of FTS-SOCI by simply extending a Java object-oriented class and 
implementing one method where they can call the inherited methods in the appropriate iterations. 
The interested readers can read further about the definition of strategies with FTS-SOCI in our 
previous work [8]. 
When teachers simulate different possible teaching strategies, they should observe the 
evolution to understand common repercussions of certain kinds of activities. They should also 
assess the final cohesion (i.e. the IAg sociometric). As some recommended standards, teachers 
can consider an appropriate cohesion when IAg ≥ 0.040 in groups around 20 students or IAg ≥ 
0.060 in groups around 10 students. 
Since FTS-SOCI is nondeterministic, teachers can run a battery simulations with the same 
input to reduce the bias of the results occurred by chance, in a second phase of practice. In fact, 
the obtained average cohesion is more reliable than the particular cohesion of each singular 
simulation. In this phase, teachers are recommended to set the number of simulations to a number 
from 10 to 100, and increase the simulation speed to the maximum available option of the tool 
(currently the maximum available speed is 200 iterations per second). 
4. Case study: training of a computer science teacher 
The current approach was applied to train a teacher of computer science. The teacher 
designed several teaching strategies for a Programming subject of the first grade of Computer 
Science. He analyzed the advantages and drawbacks of each strategy by considering both (a) his 
own opinion about the right way of teaching the subject with reasonable schedules of activities, 
and (b) the evolutions and outputs of FTS-SOCI. 
Finally, he chose one teaching strategy and he concluded it was probably the most 
appropriate strategy from the ones he had considered. The schedule of this strategy contained 
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teamwork in pairs from almost the beginning. He observed that the sooner the collaborative 
activities start, the more cohesion is achieved. The individual activities were kept to minimum, 
and these were orally presented to the classmates in classes so there were some interactions 
between students. There was also a final discussion between all the students some days before 
finishing the subject. 
 
Fig. 1 shows the evolution of the sociometric status with this teaching strategy in FTS-SOCI. 
One can observe that the simulated cohesion was higher than the recommended standard, so the 
results advocated that the teaching strategy was appropriate. This was further assessed by running 
100 simulations. The average cohesion was 0.0736 (SD=0.0205) in these simulations. Thus, the 
previous results were confirmed since the simulated average cohesion was also higher than the 
proposed standard. 
4. Conclusions and future work 
The current approach supports teachers in training for the particular task of designing 
teaching strategies in terms of scheduling learning activities. Since candidate teachers normally 
cannot implement their teaching strategies, simulations can probably be one of the most 
appropriate solutions. 
The current work is planned to be extended in several ways. First, the current approach will 
be further experienced in more than one teacher, in order to obtain more reliable results about the 
 
Fig. 1 Evolution of the simulated sociometric status with a teaching strategy for the 




utility of the current approach. Second, we will explore other interfaces for defining teaching 
strategies, since the current way of defining these might not be intuitive or easy enough for non-
technical teachers.  
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